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(54) METHOD FOR GROWING SINGLE CRYSTAL SIUCON 
(57)Abstract 

PURPOSE: To control a position where an OSF ring is generated with high 
accuracy by determining the temp, distribution of the inside part of a single 
crystal by a temp, distribution calculation over the entire part of the furnace 
inside by using a heat transfer calculation, and shutting ofF and/or reflecting the 
radiation from a melt 

CONSTITUTION: The single crystal 6 pulled up from a crucible 1 is introduced 
into a cylindrical radiation shielding object 7 enclosed by plural radiation 
reflectors 9. The temp, at the point of a specific distance from the solid-liquid 
boundary on the surface of the single crystal 6 is then measured by a temp, 
measuring meter 11 and is inputted to a G arithmetic and logic unit 12. 
Simultaneously the position information of the radiation shielding object 7 from a 
driving section 8. the angle information of the radiation reflectors 9 from a 
driving section 10, the length and growth speed V(mm/mln) of the single crystal 
6 under growth, the shape at the boundary of the single crystal 6 and the melt 3 
and the power of the heater 2 are inputted to the G arithmetic and logic unjt 12 
by which the temp, gradient GC C/m) in the crystal axis direction from the m. 
p. of silicon to 1300** C is determined. The temp, distribution calculation over 
the entire part of the furnace inside is executed by the heat transfer calculation 
and the shielding and reflection of the radiation from the melt are so controlled 
that the ratio V/G(mm2/* C, min) attains a target value. 
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(54) METHOD FOR GROWING SINGLE CRYSTAL SIUGON 

(57)Abstract: 

PURPOSE: To control a position where an OSF ring is 
generated with high accuracy by determining the temp, 
distribution of the inside part of a single crystal by a temp, 
distribution calculation over the entire part of the furnace inside 
by using a heat transfer calculation, and shutting off and/or 
reflecting the radiation from a melt. 

CONSTITUTION: The single crystal 6 pulled up from a crucible 
1 is introduced into a cylindrical radiation shielding object 7 
enclosed by plural radiation reflectors 9. The temp, at the point 
of a specific distance from the solid-liquid boundary on the 
surface of the single crystal 6 is then measured by a temp, 
measuring meter 1 1 and is inputted to a G arithmetic and logic 
unit 12. Simultaneously the position information of the radiation 
shielding object 7 from a driving section 8. the angle information 
of the radiation reflectors 9 from a driving section 10. the 
length and growth speed V(mm/min) of the single crystal 6 
under growth, the shape at the boundary of the single crystal 6 
and the melt 3 and the power of the heater 2 are inputted to 
the G arithmetic and logic unit 12 by which the temp, gradient G 
(°C/m) in the crystal axis direction from the m. p. of silicon to ISOO^C is determined. The temp, 
distribution calculation over the entire part of the furnace inside is executed by the heat transfer 
calculation and the shielding and reflection of the radiation from the melt are so controlled that the 
ratio V/G(mm2/°C. min) attains a target value. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The single-crystal-silicon training approach characterized by operating the temperature 
distribution inside single crystal by searching for the temperature distribution inside single crystal by 
temperature-distribution count in [ whole ] a furnace which used the thermal rating, using the temperature 
distribution searched for, and intercepting and/or reflecting the radiation from melt in case a silicon single 
crystal is manufactured with the Czochrlski method. 

[Claim 2] By temperature-distribution count in [ whole ] the furnace using a thermal rating, the temperature 
gradient G of the crystal orientation from the melting point of silicon to 1300 degrees C (degree C/mm) is 
searched for. the ratio of the crystal training rate V (mm/min) and the temperature gradient G (degree 
C/mm) searched for - so that V/G (mm2/** and min) may be controlled by desired value The single- 
crystal-silicon training approach according to claim 1 characterized by operating G by cutoff and/or 
reflection of the radiation from melt while operating V. 

[Claim 3] The single-crystal-silicon training approach according to claim 1 or 2 characterized by amending 
temperature-distribution coimt with the thermometry value of the perimeter of a single crystal. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the single-crystal-growth approach which operates the 
temperature distribution of the interior and controls crystal quality during training of a single crystal in more 
detail about the training approach of the silicon single crystal by the Czochrlski method (henceforth a CZ 
process). 
[0002] 

[Description of the Prior Art] Although there are various the manufacture approaches of the silicon single 
crystal used as a high integrated semiconductor component ingredient, as an approach of mass-producing, 
the CZ process is mainly adopted industrially. The operation condition of a CZ process is shown in drawing 
3 . 

[0003] In a CZ process, the crucible 1 of the dual structure by which the inside was constituted from a 
quartz and the outside was constituted from a graphite is usually used. The raw material silicon held in 
crucible 1 is heated at the heater 2 arranged on the outside of crucible 1 , and is fused. The silicon melt 3 can 
be gradually pulled up from crucible 1 by raising the wire 5 attached in the lower limit at seed crystal 4. At 
this time, crucible 1 and seed crystal 4 are rotated. The single crystal 6 of the shape of a cylinder which 
silicon melt 3 solidified by this is raised, usually, the crystal training rate adopted — 1.0 - 2.0 mm/min it is . 
[0004] After processing a single crystal into a wafer, it is known for training of the silicon single crystal by 
such CZ process by performing heat treatment that the acid induction stacking fault of the shape of a ring 
called an OSF ring to a wafer side will occur. 

[0005] If an OSF ring is generated, in the inside field, an oxygen sludge with the high thermal stability 
which grew during crystal training will be distributed by the high density which is about 106 cm-3, and the 
proof-pressure property of gate oxide will fall. On the other hand, the rearrangement cluster whose 
magnitude is about 400nm in the outside field of an OSF ring although the oxide-film proof-pressure 
property is good is about 103. An individual / cm2 It generates by the consistency. Thus, the inside differs in 
the physical property of a wafer greatly from an outside bordering on an OSF ring. 
[0006] Although the silicon single crystal manufactured by the CZ process is used for a high integrated 
semiconductor component ingredient, in order that the dependability and the yield of a high integrated 
semiconductor component may depend to the physical property of a single crystal wafer strongly, the 
location of an OSF ring is controlled by training of the silicon single crystal by the CZ process, and it 
becomes an important technique to make the location made into an aim generate an OSF ring. 
[0007] When this invention persons set a crystal training rate to V (min/min) in relation to this and the 
temperature gradient of the crystal orientation in the temperature requirement from the melting point of 
silicon to 1300 degrees C is set to G (degree C/mm), That the generating location of an OSF ring is uniquely 
decided by V/G (mm2/** and min) by the header and Japanese Patent Application No. No. 148939 [ six to ] 
While generating the periphery section of the wafer which makes V/G 2.5 or more and is not used for 
component manufacture in an OSF ring They are 2.0 degrees C / min about the cooling rate in the 
temperature requirement from 1 150 degrees C to 1000 degrees C. The single crystal manufacturing method 
to which it considers as the following and the distribution density of the oxygen sludge inside an OSF ring is 
reduced was proposed. 
[0008] • 

[Problem(s) to be Solved by the Invention] In order that this invention persons may make the location made 
into an aim generate an OSF ring in the single crystal manufacturing method proposed previously, it is an 
important technique to control V/G with high precision. 
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[0009] However, in training of the silicon single crystal by the CZ process, as shown in drawing 3 , while 
the single crystal 6 under training receives radiant heat from melt 3, radiation cooling from a single crystal 6 
exists. In order that the die length may change with growth of a single crystal 5, shaft-orientations 
distribution of the amount of radiation cooling from a single crystal 6 changes every moment. Therefore, G 
is not maintained by regularity during training of a single crystal 6. Although not only V but G needs 
detection and operating in order to control V/G, it is not easy to make the location which is very difficult for 
control of V/G, therefore is made into an aim generate an OSF ring in actual operation, as mentioned above, 
since detection and actuation of V are difficult (refer to the conventional method in drawing 2 ) 
[0010] When the purpose of this invention operates the temperature distribution inside the single crystal 
under training at will, control ****** of V/G is to offer the single-crystal-silicon training approach which 
can control an OSF ring generating location with high precision. 
[0011] 

[Means for Solving the Problem] In case the single-crystal-silicon training approach of this invention 
manufactures a silicon single crystal by the CZ process, it operates the temperature distribution inside single 
crystal by searching for the temperature distribution inside single crystal by temperature-distribution count 
in [ whole ] a ftimace which used the thermal rating, using the temperature distribution searched for, and 
intercepting and/or reflecting the radiation from melt. 

[0012] In control of V/G, by temperature-distribution count in [ whole ] a furnace which used the thermal 
rating The temperature gradient G of the crystal orientation from the melting point of silicon to 1300 
degrees C (degree C/mm) is searched for. the ratio of the crystal training rate V (mm/min) and the 
temperature gradient G (degree C/mm) searched for - while operating V so that V/G (mm2/** and min) 
may be controlled by desired value, G is operated by cutoff and/or reflection of the radiation from melt. 
[0013] Desirably, the thermometry value of the perimeter of a single crystal amends temperature- 
distribution count. 
[0014] 

[Function] In control of V/G, it is an indispensable technique to control the temperature gradient of single 
crystal shaft orientations during training of a single crystal. Two, operate [ searching for the temperature 
distribution inside the single crystal under training and ] those temperature distribution, are required of this 
control technique. If it says by control of V/G, both the things for which asking for G and G are operated are 
required. 

[0005] About searching for the temperature distribution inside single crystal, although this becomes once 
possible by measuring the temperature of the perimeter of a single crystal in many parts, since many 
measuring instruments will be installed in a ftimace, contamination of the single crystal xmder training 
becomes a problem in a ftimace and a fiamace. So, in this invention, the temperature-distribution count in 
[ whole ] a ftimace which used the thermal rating performs this. 

[0006] From performing a thermal rating in consideration of each item, such as radiant heat exchange in 
[ whole ] ** ftimace, an interface configuration of** single crystal and melt, ** heater power, and ** 
single-crystal-growth rate, the temperature distribution inside single crystal are searched for, and, 
specifically, it asks for G by control of V/G. 

[0007] Since cutoff and reflection of the radiation from melt are performed to everything but the 
configuration of the heat insulating material in a ftimace, and a heat insulator, and the die length of the 
single crystal under training by this invention, it is necessary to take into consideration the current position 
of the blocker or a reflective object etc. by the item of **, i.e., the radiant heat exchange in [ whole ] a 
ftimace, here. Moreover, it can ask about the item of **, i.e., the interface configurations of a single crystal 
and melt, from the Boundry-fitted method as Stefan conditions. 

[0008] According to the temperature-distribution-in-ftimace count using a thermal rating, the number of 
thermometry points can be lessened and the temperature distribution inside single crystal can be searched 
for with hi^ precision. In addition, since the thermometry in this case is for amendment of temperature- 
distribution count, it is not necessarily required. When performing a thermometry, it is desirable to measure 
crystal skin temperature in a fixed distance from a solid-liquid interface, but in this invention, in order to 
perform temperature-distribution count over the whole inside of a ftimace, the temperature of the specific 
location of the radiation blocker and heat insulating material which answer the temperature distribution of a 
single crystal may be measured. 

[0009] About actuation of temperature distribution, the radiation from melt is intercepted and/or reflected by 
this invention. Since the temperature of the interface of a single crystal and melt is fixed, the temperature 
gradient of single crystal shaft orientations can enlarge G by control of a large next door and V/G by 
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intercepting the radiation to a single crystal from melt, and lowering the temperature of a single crystal. By 
installing the high reflective object of a reflection factor above melt, and on the other hand, reflecting the 
radiation from melt in a single crystal, the temperature of a single crystal becomes high, the temperature 
gradient of single crystal shaft orientations serves as smallness, and G can be made small by control of V/G. 
Moreover, it is also possible to use both cutoff and reflection for coincidence, and to operate G. 
[0010] Highly precise control of V/G can be attained in this v^ay, and the location aimed at can be made to 
generate an OSF ring. 
[0011] 

[Example] The equipment configuration suitable for carrying out this invention to drawing 1 is shown. 
[0012] In drawing 1 , 7 is the radiation blocker of the shape of a cylinder established above crucible 2, as the 
raising way of a single crystal 6 is surrounded. It consists of carbon, and the radiation blocker 7 holds 'the 
single crystal 6 which can be pulled up from the melt 3 in crucible 1, and intercepts the radiation to a single 
crystal 6 from melt 3. Moreover, in order to control the amount of cutoff, the radiation blocker 7 is moved 
up and down by the mechanical component 8. 

[0013] 9 is two or more radiation reflective objects by which array installation was carried out in the hoop 
direction, as the hoistway of the radiation blocker 7 is surrounded. The radiation reflective object 9 consists 
of an Mo plate which polished the front face to the mirror plane, and makes a single crystal 6 reflect the 
radiation from melt 3. Moreover, as for each radiation reflective object 9, an include angle is adjusted by the 
mechanical component 10 in order to control the amount of reflection. 

[0014] 11 is a thermometry meter and measures the temperature of the point of fixed distance from the 
solid-liquid interface of the front face of a single crystal 6. 

[0015] 12 is a G computing element which searches for the temperature gradient G of the crystal orientation 
in the temperature requirement from the melting point of silicon to 1300 degrees C. The positional 
information of the radiation blocker 7 is given to the G computing element 12 from a mechanical component 
8. Moreover, from a mechanical component 10, the temperature information on the perimeter of a single 
crystal is given for the include-angle information on the radiation reflective object 9 from thermometry 1 1 
[ a total of], respectively. Furthermore, each information about the die length of the configuration of the 
heat insulating material in a fiimace and a heat insulator and the single crystal 6 under training and the 
training rate V, the interface configuration of a single crystal 5 and melt 3, and the power of a heater 2 is 
also given. 

[0016] And the G computing element 12 performs temperature-distribution count in [ whole ] a furnace by 
the thermal rating using such information except the thermometry value of a single crystal 6, and asks for G 
by amending the temperature-distribution count using a thermometry value fiirther. 
[0017] 13 is a V/G controller. The V/G controller 13 operates and doubles V, directs the location of the 
radiation blocker 7, and the include angle of the radiation reflective object 9 to mechanical components 8 
and 10, and operates G so that the calculated value may be in agreement with the V/G set point, while 
calculating the single-crystal-growth rate V to called-for G and V/G. Moreover, the power of a heater 2 is 
also operated if needed. 

[001 8] In this way, V/G is controlled by the set point over the whole term of single crystal growth. 
Consequently, the OSF ring produced when the raised single crystal is processed into a wafer and the wafer 
is heat-treated is controlled by the predetermined location. 

[0019] That is, although it is presumption by the count under a certain assumption (Cv ez, Ci ez, Dv, 
constant set point of Di), the concentration (a hole and silicon between grids) of the point defect in T= 1300 
degrees C - 1250 degrees C of a crystal is mosfly decided by V/G, and after that, this point defect reacts with 
oxygen and generates an oxygen sludge or its secondary defect (rearrangement) of various sizes and a 
consistency etc. Therefore, the generating location of an OSF ring becomes fixed over the whole crystal by 
controlling V/G uniformly. Furthermore, distribution (size-density distribution in the inside of a field and 
shaft orientations) of the defect of an oxygen sludge etc. also becomes fixed. 

[0020] However, at the time of the Tail section formation of the crystal training last stage, and the crystal 
separation fi-om subsequent melt, a crystal is cooled quickly. At this time, it is Top. In a side, since it 
quenches the Tail side fi-om an elevated temperature, these parts do not serve as uniform defective 
distribution fi^om low temperature. Therefore, the generating location of an OSF ring is not controlled by the 
part corresponding to the early stages of training, and an anaphase. The defect of the part which does not 
become homogeneity is a defect formed below 100-850 degrees C at the time of crystal cooling, and is a 
very small sludge. On the other hand, the defect formed above 1000-850 degrees C is greatly stable, and 
becomes homogeneity covering a crystal overall length. Such a defect is stable also in a device process, 
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remains to a device active region (a near front face) certainly, and degrades a property. 

[0021] Next, the result of having actually controlled V/G using the equipment shown in drawing 1 is 

explained. 

[0022] [Example 1] After having put 50kg of high grade polycrystalline silicon into the quartz crucible with 
a diameter of 1 6", doping boron and carrying out the heating dissolution of the polycrystalline silicon, 
crystal training bearing raised the single crystal of <100> die length of 1000mm for the diameter of 1 50mm. 
During single crystal growth, the skin temperature of a crystal is measured with an emission pyrometer, and 
it calculates V/G with a single crystal temperature-distribution computing system, and it moved the radiation 
reflective object of the shape of a cylinder which consists of carbon with a bore [ of 300mm ] x thickness of 
30mm allotted to the surroundings of a single crystal up and down while it operated a single-crystal-growth 
rate so that V/G may be set to 0.28mm2 / **, and min (fixed). 

[0023] After starting and heat-treating a sample from the raised single crystal to a crystal orientation and 
parallel, the generating location of an OSF ring was investigated. The OSF ring was generated in location of 
about 67mm from the core except for the part (20mm in early stages of training, and 100mm) of a training 
anaphase. 

[0024] [Example 2] After having put 50kg of high grade polycrystalline silicon into the quartz crucible with 
a diameter of 16", doping boron and carrying out the heating dissolution of the polycrystalline silicon, 
crystal training bearing raised the single crystal of <100> die length of 1000mm for the diameter of 1 50mm. 
During single crystal growth, the skin temperature of a crystal was measured with the emission pyrometer, 
and it calculated V/G with the single crystal temperature-distribution computing system, and it operated the 
include angle of the radiation reflective object made from five Mo plates (the dimension of one sheet is 
250mmx 150mm) which allotted the surroundings of a single crystal and polished the front face to the mirror 
plane while it operated the single-crystal-growth rate so that V/G might be set to 0.22mm2 / **, and min 
(fixed). 

[0025] After starting and heat-treating a sample from the raised single crystal to a crystal orientation and 
parallel, the generating location of an OSF ring was investigated. The OSF ring was generated in location of 
about 15mm from the core except for the part (20mm in early stages of training, and 100mm) of a training 
anaphase. 

[0026] [Example 3] After having put 50kg of high grade polycrystalline silicon into the quartz crucible with 
a diameter of 16", doping boron and carrying out the heating dissolution of the polycrystaUine silicon, 
crystal training bearing raised the single crystal of <100> die length of 1000mm for the diameter of 1 50mm. 
During single crystal growth, the skin temperature of a crystal is measured with an emission pyrometer, V/G 
is calculated with a single crystal temperature-distribution computing system, and 0.22mm2 / ** and min, 
and training die length are [ the training die length of a single crystal / 500mm / V/G ] 0.28mm2 / **, and 
min after 500mm. While operating the single-crystal-growth rate so that it might become, the location of a 
carbon radiation reflective object and the include angle of Mo radiation reflective object were operated. 
[0027] After starting and heat-treating a sample from the raised single crystal to a crystal orientation and 
parallel, the generating location of an OSF ring was investigated. The OSF ring was generated in location of 
about 1 5mm from the core in the part from 20mm to 450mm, moved from 450mm to the periphery 
gradually, and was generated in location of about 67mm from the core in the part until it leaves 550 to 
100mm. 

[0028] The OSF ring generating location in each example is shown in drawing 2 . Moreover, the OSF ring 
generating location in the case of the conventional method which does not control V/G for a comparison is 
shown. As shown in this drawing, highly precise control of V/G is attained by this invention, and it becomes 
possible to make the location made into an aim generate an OSF ring. Incidentally, although it is the case 
where aimed at that a conventional method made the location of 35mm generate an OSF ring from the core 
of a crystal, and crystal training is performed, the actual OSF ring generating location was aimed at, and is 
greatly shifted from the location. 
[0029] 

[Effect of the Invention] The single-crystal-silicon training approach of this invention does so the 
effectiveness of the ability to be able to make the location which enables highly precise control of V/G and 
is made into an aim by this generate an OSF ring by searching for the temperature gradient inside single 
crystal by temperature-distribution count in [ whole ] a furnace which used the thermal rating, and operating 
the temperature gradient inside single crystal by cutoff and/or reflection of the radiation from melt as stated 
above. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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